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Abstract
We compute the tree-level potential between two parallel p-branes due to the exchange
of scalars, gravitons and (p + 1)-forms. In the case of BPS membranes in 4d N = 1
supergravity, this provides an interesting reinterpretation of the classical Cremmer et al.
formula for the F-term scalar potential in terms of scalar, graviton and 3-form exchange. In
this way, we present a correspondence between the scalar potential at every point in scalar
field space and a system of two interacting BPS membranes. This could potentially lead to
interesting implications for the swampland program by providing a concrete way to relate
conjectures about the form of scalar potentials with conjectures regarding the spectrum of
charged objects.
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1 Introduction
It is well known that the 4 dimensional cosmological constant can be interpreted in terms of
field strengths of 3-forms. Even though they do not propagate additional degrees of freedom,
they can acquire non-vanishing vevs and give rise to a cosmological constant contribution.
For this reason, 3-forms have been used in trying to solve the cosmological constant problem
as in [1–5]. More specifically, considering the membranes to which a 3-form naturally couples
provides a mechanism for the cosmological constant to change when a membrane is crossed,
as considered originally in [6, 7] and also in [8] within the context of String Theory. In fact,
this relation works and has been studied not only for constant contributions but for more
general scalar potentials including axions in [9–14]. In String Theory, this has also been
explored [15–21] and in the context of type II compactifications with fluxes, it was shown
in [22,23] that the complete F-term flux potential can be expressed, after integrating out the
4-forms, as
V =
1
2
ZABQAQB, (1.1)
where ZAB includes the field dependence and can be obtained from the kinetic terms of
the 3-forms. The QA give the coupling of the corresponding 4-form. The fact that this
N = 1 potential can be expressed completely in terms of 3-forms, which naturally couple to
membranes, suggests that a direct relation between these objects can be drawn. In particular,
the potential being a bilinear in the charges reminds of a membrane-membrane interaction,
and this is precisely the relation that we study in this note. We particularize for the case
two interacting BPS membranes in 4d and point out a correspondence between their different
interactions and the different terms in the Cremmer et al. N = 1 F-term scalar potential
1
(see eq. (3.1)). Moreover, no obstruction to the application of the same logic to codimension
1 branes in higher dimensions is expected.
This correspondence is interesting by itself, but it can also be useful in the context of
the Swampland [24] (see also [25,26] for interesting reviews), since it could provide a precise
setup in which two types of conjectures may be related. On the one hand, hypothesis about
the generic properties of the scalar potentials that can arise in QG have been the subject
of a considerable study recently, including the idea that metastable de Sitter space cannot
exist [27, 28] or has to be sufficiently short-lived [29], or the suggestion that stable non-susy
AdS [30], as well as scale separated AdS, belong to the Swampland [31,32]. On the other hand,
a lot of progress has been made in clarifying conjectures about properties of the spectrum of
QG theories, like the Weak Gravity Conjecture [33] or the Swampland Distance Conjecture
[34]. Besides, several connections between apparently different Swampland Conjectures have
been gradually uncovered (see [26] and references therein), realizing the idea of a web of
interconnected conjectures, instead of a set of unrelated statements. In this context, the
precise correspondence between the scalar potential and the interactions of two membranes
could provide new ways to relate the restrictions on the scalar potentials with the properties
of the membranes1.
In section 2, we review the classical field theory calculation of the interaction between p-
branes due to scalar, graviton and (p+1)-forms exchange, and use it to interpret a particular
version of the WGC. Section 3 presents the main result of this note, namely the correspon-
dence between the different pieces of the Cremmer et al. scalar potential and the different
interactions between a pair of flat BPS membranes. We leave the summary and outlook for
the final section.
Note added: When finalizing this note we were informed that a related paper is about to
appear [36], also pointing out the interpretation of the N = 1 F-term potential as a no-force
condition for the membranes and studying implications for the swampland conjectures.
2 Interactions between Dp-branes in D dimensions
We begin by reviewing the field theory calculation of the tree-level potential between two
parallel, infinite p-branes in D-dimensional Minkowski space [37,38]2. The goal of this section
is to review this calculation in detail to fix the conventions and explicitly keep track of
the units, which is crucial for comparison with Swampland Conjectures. For concreteness,
let us consider a D-dimensional generalization of the low energy effective action of type
1Some connections between these two kinds of statements have already been pointed out in [35], and also
along the lines of potentials arising from integrating out towers of states in [26,28]
2In stringy terms, this corresponds to closed string exchange, which in the field theory limit reduces to the
exchange of scalars and gravitons from the NSNS sector and (p+ 1)-forms from the RR sector [39]
2
II supergravity and include source terms corresponding to Dp-branes with charge Qp and
tension T˜p (in string units) [37,38,40].
S = Sbulk + SDBI + SCS, (2.1)
where the different pieces take the form:
Sbulk =
1
2κ˜2D
∫
dDx
√
−g˜ e−2φ˜
(
R˜+ 4(∂φ˜)2
)
− 1
4κ˜2D
∫
Gp+2 ∧ ?˜Gp+2, (2.2)
SDBI =− T˜p
∫
WV
dp+1ξ e−φ˜ [−det (g˜ab + Fab)]1/2 , (2.3)
SCS =Q
∫
WV
Cp+1. (2.4)
This action is expressed in the string frame and the quantities are measured in string
units3 Separating the dilaton into a background and a dynamical part, that is, φ˜ = φ¯ + φ
we can define the quantities κ2D = κ˜
2
De
2φ¯ and Tp = T˜pe
−φ¯, which are the gravity coupling
constant and the effective tension of the membrane, respectively. Then, upon performing a
Weyl rescaling of the metric g˜µν = e
4
D−2φgµν we obtain the following expressions for Sbulk and
SDBI in the Einstein frame (SCS does not change since it is a topological term, independent
of the bulk metric).
Sbulk =
1
2κ2D
∫
dDx
√−g
(
R+
4
D − 2(∂φ)
2
)
− e
2φ¯
4κ2D
∫
Gp+2 ∧ ?Gp+2, (2.5)
SDBI =− Tp
∫
WV
dp+1ξ exp
[(
2p−D + 4
D − 2
)
φ
]√
−det (gab). (2.6)
We use κD in this section, since it is more suitable for perturbative calculations but keep in
mind that the Planck mass is given by κ−2D = M
D−2
p . From here, we can compute the tree-
level scalar, graviton and (p + 1)-form exchange between two membranes. The propagators
associated to the graviton, scalar and (p + 1)-form can be obtained from Sbulk and the
interaction vertices between the brane and the fields fields from SDBI (for the scalar and
graviton) and SCS (for the (p+ 1)-form).
2.1 The scalar plus graviton interaction
Let us begin with the interaction due to the scalar and graviton exchange, which corresponds
to the diagrams in fig. 1
Expanding the metric as a background plus a perturbation as gµν = g¯µν + κDhµν we
compute √
−det(gab) =
√
− det(g¯ab)
(
1 +
κD
2
g¯abhab + ...
)
, (2.7)
3We denote all quantities in the string frame by tildes and use latin letters to refer to worldvolume indices
whereas greek letters denote spacetime indices.
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µνρ αβγ
C3
µν αβ
gT µν T αβ
Jµνρ Jαβγ
φ
J J
+
µνρ αβγ
C3
µν αβ
gT µν T αβ
Jµνρ Jαβγ
φ
J J
Figure 1: Diagramatic representation of the tree-level scalar and graviton exchange between
two p-branes
where we have defined |g¯ab| = −det(g¯ab). Using this expression and working in De Donder
gauge, we can expand the Ricci scalar to obtain the graviton propagator in momentum
space [37,38]:
〈hµνhαβ〉 = − 2i
k2
(
g¯µαg¯νβ + g¯µβ g¯να − 2
D − 2 g¯µν g¯αβ
)
. (2.8)
Additionally, the scalar propagator takes the form
〈φφ〉 = − iκ
2
D
k2
(D − 2)
4
. (2.9)
We calculate the relevant vertices by expanding SDBI to obtain
SDBI =− Tp
∫
WV
dp+1ξ
√
|g¯ab| − Tp
∫
WV
dp+1ξ
√
|g¯ab|
(
2p−D + 4
D − 2
)
φ+
− Tp
∫
WV
dp+1ξ
√
|g¯ab| κD
2
g¯abhab+
(2.10)
where the first term gives the usual contribution from the embedding of the worldvolume in
the D-dimensional spacetime, the second gives the interaction between one scalar and the
source and the third gives the interaction between the graviton and the energy-momentum
tensor of the brane. The dots indicate interactions of the source with more than one field,
which are not relevant for our computation. For a flat membrane in Minkowski space we can
choose a set of coordinates such that x0 = ξ0, x1 = ξ1 ... xp = ξp and xp+1 = ... = xD−1 =
const, impliying gab = gµνδ
µ
a δνb .
The worldvolume metric then takes the form of the corresponding (p+ 1)× (p+ 1) block
of the background D-dimensional metric. Using this we obtain the following Feynman rules
for the relevant vertices
µνρ
C3
µν
gT µν
Jµνρ
φ
J
= iTp
√
|g¯ab|
(
2p−D + 4
D − 2
)
, (2.11)
µνρ
C3
µν
gT µν
Jµνρ
φ
J
= iTp
√
|g¯ab|κD
2
g¯abδµa δ
ν
b . (2.12)
The amplitude for the scalar and graviton interaction given in fig. 1 then yields
As+g =
T 2p |g¯ab|κ2D
k2
{
(2p−D + 4)2
4(D − 2) +
(D − p− 3)(p+ 1)
D − 2
}
=
T 2p |g¯ab|κ2D
k2
{
D − 2
4
}
, (2.13)
4
µνρ αβγ
C3
Jµνρ Jαβγ
φ
J J
µν αβ
gT µν T αβ
µ1...µq ν1...νq
CqJ
µ1...µq Jν1...νq
Figure 2: Diagramatic representation of the tree-level q-form exchange between two (q − 1)-
branes
where k indicates the momentum in the directions perpendicular to the membranes. The
first term corresponds to the scalar interaction and the second to the graviton exchange. The
final result is independent of p, as can be seen in the last step, but we will keep both terms in
order to keep track of the scalar and the graviton pieces separately. Since we will be mainly
interested in codimension 1 objects (i.e. p = D − 2), let us particularize for that case, in
which the amplitude takes the form:
As+g =
T 2p |g¯ab|κ2D
k2
{
D2
4(D − 2) −
D − 1
D − 2
}
. (2.14)
In this case, the scalar contribution is always positive (i.e. attractive) but the contribution
from the graviton exchange becomes negative, yielding a repulsive force, which only occurs
in this particular case of codimension 1 objects. The potential between the two membranes
can be calculated by taking the Fourier transform of this amplitude, and for the codimension
1 objects, it grows linearly with the distance, implying a distance independent long-range
force.
2.2 The q-form interaction
The q-form interaction between two (q − 1)-branes corresponds to the diagram in fig. 2.2.
To compute it we need the propagator of the q-form and its coupling to the membrane. We
begin with the propagator and, in order to obtain the tensor structure, we first consider a
canonically normalized q-form kinetic term and after we include the overall (background-field
dependent) prefactors appearing in (2.2) or (2.25). We consider then the kinetic part of the
action of a q-form Aq =
1
q!
Aµ1...µqdx
µ1 ∧ ... ∧ dxµq , which takes the form
Sq, kin = − 1
2(q + 1)!
∫
dDx
√−gFµ1...µq+1Fµ1...µq+1 , (2.15)
with Fµ1...µq+1 = (q + 1)∂[µ1Aµ2...µq+1]
4. Integrating by parts and massaging the Lagrangian
we obtain
Lq, kin = 1
2q!
A[µ1...µp]
{
−δ[µ1ν1 ...δ
µq ]
νq ∂ρ∂
ρ + q δµ1ρ δ
σ
[ν1
...δ
µq
νq ]
∂σ∂
ρ
}
A[ν1...νp]. (2.16)
4Square brackets indicate antisymmetrization with a normalization factor of 1/q! in front, so that for an
antisymmetric q-form we have Aµ1...µq = A[µ1...µq ]
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In order to obtain the propagator, we need to invert the second variation of this part of the
action with respect to the q-form field. To do so we choose a generalization of the Lorentz
gauge [41] for q-forms, namely ∂µA
[µν2...νq ] = 0, and implement it by means of the following
gauge fixing term in the Lagrangian Lgf ∼ ∂ρA[ρν2...νq ]∂σA[σν2...νq ]. By adjusting the constant
in front we can cancel the second term in the last line of eq. (2.16), so that we are left with
the task of inverting the operator
Kµ1...µnν1...νn =
1
q!
(
−δ[µ1[ν1 ...δ
µq ]
νq ]
∂ρ∂
ρ
)
, (2.17)
which yields the propagator (in momentum space)
〈Aν1...νnAµ1...µn〉 = i
q!
k2
δ
[µ1
[ν1
...δ
µq ]
νq ]
. (2.18)
Note that this is normalized in such a way that the propagator from any independent com-
ponent to itself (or any antisymmetric permutation thereof) coincides with the propagator
of a scalar degree of freedom, as expected for a field with a canonical kinetic term. In order
to calculate the propagator of the Cp+1 from eq. (2.2) we just need to rescale the calcu-
lated propagator to account for the overall factors that prevent the kinetic term from being
canonically normalized, obtaining
〈Cν1...νqCµ1...µq〉 = 2i
κ2D e
−2φ¯
k2
q!δ
[µ1
[ν1
...δ
µq ]
νq ]
(2.19)
To obtain the q-form brane vertex, we use eq. (2.4), which in components reads
SCS =
Q
q!
∫
WV
dqξ Cµ1...µq
(
∂xµ1
∂ξa1
...
∂xµq
∂ξaq
)
a1...aq . (2.20)
For a flat brane we obtain the following Feynman rule for the vertex
µνρ
C3
Jµνρ
φ
J
µ1...µq
CqJ
µ1...µq
µν
gT µν
= i
Q
q!
a1...aqδ[µ1a1 ...δ
µq ]
aq . (2.21)
The q-form exchange of fig. 2.2 yields the following amplitude
AC = − Q
2
(q!)2
2κ2D e
−2φ¯
k2
q! a1...aq g¯a1b1 ...g¯aqbq
b1...bq = −2Q
2|g¯ab|κ2De−2φ¯
k2
, (2.22)
where we have used a1...aq g¯a1b1 ...g¯aqbq
b1...bq = q! |g¯ab| in the last step. Notice that this
depends on the rank of the form and the spacetime dimension only implicitly via gab and k
2,
but not explicitly as in the scalar and graviton exchange.
Then, the three contributions cancel, and no net force is felt by the branes if{
D2
4(D − 2) −
D − 1
D − 2
}
T 2p = 2Q
2e−2φ¯. (2.23)
6
This is what happens for single Dp-branes in 10 dimensions, which are BPS objects, upon
substitution of the corresponding tensions and charges (i.e. Q = T˜p = Tpe
φ¯). This cancel-
lation is precisely expected for BPS objects, since they feel no net force. For the case of
codimension 1 branes, the attractive contribution from the scalars compensates the repulsive
force from graviton and q-form exchange.
2.3 Relation with the WGC for q-forms in the presence of dilaton-like
couplings
In this section, we make a small detour from the main goal of this note and explore the
consistency of this calculation with the WGC. The aforementioned case of single Dp-branes
in 10 dimensions is a particular realization of the general claim that the extremal case in
which the WGC inequality is saturated occurs for BPS objects [30]. More generally, we can
recover the results for the extremal form of the WGC for q-forms in the presence of dilaton-
like couplings proposed in [42] by requiring that eqs. (2.14) and (2.22) cancel each other out.5.
This form of the WGC can be expressed, using our notation, as the following inequality
κ2D
[
α2
2
+
q(D − q − 2)
D − 2
]
T 2 ≤ e2Q2 (2.24)
This expression is obtained from the extremality bound of black branes in theories with
gravity, a q-form and a dilaton-like scalar. The RHS comes from the q-form interaction, and
in our case ,the gauge coupling can be read from eq. (2.5) and equals e2 = 2κ2De
−2φ¯. This
matches exactly the RHS of (2.23). The second term of the LHS comes from the gravitational
interaction, which depends on the spacetime dimensions and the rank of the form, and it
can be checked that it matches the second term in the LHS of (2.23) upon substitution of
q = p − 1. Finally, the first term on the LHS corresponds to the scalar interaction, whose
coupling constant can be extracted from the kinetic terms of the q-form. In particular, for a
theory with a q-form and a conventionally normalized scalar field φ, a dilaton-like coupling is
characterized by a term of the following form in the Lagrangian [42] Lq, kin ∼ e−~α·~φF 2, where
α is the dilaton coupling constant. In our model, we need to identify the α from the kinetic
terms for the q-forms, which are given in eq. (2.2) and after the Weyl rescaling to go to the
Einstein frame become
Sq kin = − e
2φ¯
4κ2D
1
(p+ 2)!
∫ √−g dDx e( 4p−2D+8D−2 )φGµ1...µp+2Gµ1...µp+2 . (2.25)
From the exponential, we can read the coupling to the dilaton φ, and after conventionally
normalizing its kinetic term via φc =
√
8
D−2φ we obtain a kinetic term of the form described
5This is just a manifestation of the special case in which arguments about long-range forces and extremality
of black hole solutions coincide (for a more detailed discussion on the (in)equivalence of these two approaches
see [43,44]).
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before with
α2
2
=
(2p−D + 4)2
4D − 8 . (2.26)
This exactly resembles the contribution from the scalar exchange in eq. (2.23). As advertised,
this extremal form of the WGC, which was originally formulated from extremality arguments
for BH’s, can be obtained from the requirement that the long-range interaction between
charged objects cancels exactly (see also [43, 44] for more on this approach or [45] for an
alternative approach in terms of pair production).
Let us remark that the actionconsidered at the beginning of this section is really mean-
ingful in D = 10, since in this case it is a piece of the 10d type II effective action coupled
to Dp-branes. The extension to general D serves for illustrative purposes, since it allows to
capture some aspects of the typical D-dimensional effective actions, like the Lorentz index
structure of the propagators. However, eq. (2.26) should not be taken as a general expression,
but rather as a check for the case in which a D- dimensional action can be recast into the
form given in eqs. (2.1)-(2.6). In particular, if we focus on particles in 4d (i.e. p = 0 and
D = 4), this action could capture the coupling of particles coming from Dp-branes wraping
internal p-cycles to the real fields in the complex structure sector of type IIA compactifica-
tions, which is known to vanish [46,47]. In order to capture other couplings like the ones that
would come from the Ka¨hler sector in type IIA compactifications, or axions, one should take
a more general 4d effective action, but this is not the main goal of this section so we will not
elaborate more on this. Let us just mention that the kind of couplings that can be encoded
in the α parameter, and therefore the ones that are included in (2.24), are also limited. In
fact, they are restricted to the cases where the brane-scalar interaction, which is given by the
derivative of the tension of the brane with respect to the field, is proportional to the tension
itself.
3 The 4d N = 1 scalar potential in terms of membranes
The main goal of this note is to point out a correspondence between the different terms of
the 4d N = 1 F-term scalar potential and the interaction between two BPS membranes due
to particle exchange.This scalar potential takes the following form in terms of the Ka¨hler
potential, K and the superpotential, W [48]
V = eK
(
KIJ¯DIWDJ¯W¯ − 3|W |2
)
, (3.1)
where DIW = ∂IW + W∂IK and the I, J indices run over all the complex scalar fields of
the theory.
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AAµνρ
JµνρA J
αβγ
B
φ
J J
µν αβ
gT µν T αβ
µ1...µq ν1...νq
CqJ
µ1...µq Jν1...νq
ABαβγ
Figure 3: Diagramatic representation of the tree-level 3-form exchange between two mem-
branes
3.1 The scalar potential and the 3-form interaction
In order to make the correspondence precise, the first important ingredient is the fact that
in type II flux compactifications, this scalar potential can also be expressed as the following
bilinear [22,23]
V =
1
2
ZABQAQB, (3.2)
where QA is a vector containing the fluxes, and Z
AB is the inverse of the matrix that appears
in the kinetic term of 3-forms, which is of the form S3, kin = 12κ24
∫
ZABF
A ∧ ?FB. This
matrix encodes the dependence on the scalar fields (both the axions and the saxions), and
the charge vectors encode all the information about the fluxes. This form of the potential
has been argued to be valid fore more general N = 1 setups in [49–53] and this is expected
to be quite general at least at the level of any 4d EFT, since a cosmological constant term
can be always rewritten in terms of 4-forms, so allowing for field dependent kinetic terms
seems to be enough to encode this kind of scalar potentials6. This bilinear expression is
suggestive, since it resembles the form of an electric interaction between two charged objects,
with charges QA, mediated by some mediator with propagator ∼ ZAB. In fact, this is the
case when we consider the 3-form interaction between two flat membranes, whose couplings
with the different 3-forms on the spectrum are given by a generalization of eq. (2.4). The
propagator of the 3-forms takes the form
〈AA,µνρABαβγ〉 = i 3!
κ24
k2
ZAB δµ[αδ
ν
βδ
ρ
γ] (3.3)
and vertex between the membrane and the vertex is the straighforward generalization of eq.
(2.21), namely
AAµνρ
JµνρA
φ
J
µ1...µq
CqJ
µ1...µq
µν
gT µν
X
J
Y
J
= i
QA
3!
abcδ[µa δ
ν
b δ
ρ]
c . (3.4)
Then the diagram in fig. 3.1 gives an amplitude
A3−form = −κ
2
4|g¯ab|
k2
ZABQAQB, (3.5)
which is proportional to the potential, as advertised.
6There is an important caveat for this, namely the fact that the matrix ZAB needs to be invertible in order
to be able to write the potential in terms of 4-forms.
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3.2 The scalar and graviton interaction
We turn now to the computation of the diagrams corresponding to the exchange of gravitons
and scalars. For flat BPS membranes, which preserve 1/2 of the supersymmetries of the
Minkowski background along their worldvolume, the tensions takes the form [47,51–53]
T = 2eK |W | (3.6)
where, W corresponds to the superpotential sourced by the membrane 7 and can be directly
related to its charges QA and the so called period vector. In type II we can interpret these
membranes as coming from bound states of Dp or NS5-branes wrapping internal cycles and
their charges are related to the fluxes at the other side of the membrane.
The graviton exchange between two flat equal membranes of tension Tp is universal and
for codimension 1 objects is given by the second term in eq. (2.14). Upon substitution of eq.
(3.6) and D = 4 we find
Ag = −2κ
2
4|gab|
k2
3eK |W | . (3.7)
In order to calculate the contribution from the complex scalars, we recall that in a 4
dimensional N = 1 theory they have the following kinetic terms
SΦ, kin =
1
κ24
∫ √−g d4xKIJ¯∂µΦI∂µΦ¯J¯ , (3.8)
and we call Re (ΦI) = XI and Im (ΦI) = Y I with propagators (in momentum space)
〈XIXJ〉 = − iκ
2
4
2k2
KIJ¯ , 〈Y IY J〉 = − iκ
2
4
2k2
KIJ¯ . (3.9)
Additionally, the coupling between the scalars and the membrane can be obtained from
the action [47,51–53]
Smem = −
∫
WV
d3ξ
√
|gab|T
(
ΦI , Φ¯J¯
)
+ SCS , (3.10)
where the tension is given by eq. (3.6). The scalar-membrane vertex is obtained from the first
derivative of the tension with respect to each of the (real) fields evaluated in the background.
In order to relate this with eq. (3.1), we need to express everything in terms of the complex
fields. To do so, we use that K = K(ΦI + Φ¯J¯) is a real function and W = W (Φ) is a
holomorphic function to reexpress the derivatives of the tension with respect of XI and Y I in
terms of derivatives with respect to ZI and Z¯I . From now on we restrict to a single complex
scalar field Z = X+iY for simplicity, but the generalization to more fields is straightforward.
The vertices we are interested in take the form
7Notice that in our case we are considering a membrane separating a region where the superpotential
vanishes identically from another one where the superpotential is generated by the membrane, so that the
change in the superpotential is the superpotential itself.
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X
J J
Y
J J
+
X
J J
Y
J J
Figure 4: Diagramatic representation of the tree-level scalar exchange corresponding to the
real and imaginary parts of a complex scalar
µνρ
C3
Jµνρ
φ
J
µ1...µq
CqJ
µ1...µq
µν
gT µν
X
J
Y
J
= 2
√
|gab| ∂T
∂X
= i
√
|gab| eK/2
[
1
2
∂K
∂X
+
1
2|W |
(
∂W
∂X
W¯ +
∂W¯
∂X
W
)]
=
= 2i
√
|gab| eK/2
[
(∂ZK)|W |+ 1|W |Re
[
(∂ZW )W¯
]]
(3.11)
µνρ
C3
Jµνρ
φ
J
µ1...µq
CqJ
µ1...µq
µν
gT µν
X
J
Y
J
= 2i
√
|gab|∂T
∂Y
= i
√
|gab| eK/2
[
1
2|W |
(
∂W
∂Y
W¯ +
∂W¯
∂Y
W
)]
=
= − 2i
√
|gab| eK/2 1|W | Im
[
(∂ZW )W¯
]
.
(3.12)
Having calculated the vertices and the propagators we can calculate the amplitude asso-
ciated to scalar exchange, in fig. 4 which yields
AX+Y = 2κ
2
4|gab|
k2
KZZ¯
[(
∂T
∂X
)2
+
(
∂T
∂Y
)2]
=
2κ24|gab|
k2
eK(KZZ¯DZWDZ¯W¯ ). (3.13)
and the interaction between the membranes then cancels if
1
2
ZABQAQB = e
KKIJ¯DIWDJ¯W¯ − 3eK |W |2. (3.14)
There is then a one to one correspondence between the three kinds of interactions of the
membranes and eq. (3.1). In the membrane picture,the 3-form interactions correspond to the
potential in (3.1) and they equal the scalar and graviton interactions, which correspond to the
two terms in the RHS of eq. (3.1), respectively. The upshot is that for every point in the scalar
field space, we have a picture in which there is a potential, and another one with two BPS
membranes in a Minkowski background which feel no net self-interactions. Then, whereas
in the first picture the potential gets a contribution from the Ka¨hler covariant derivatives of
the superpotential and another one from the −3|W |2 term; in the membrane picture these
match the scalar and graviton interactions, respectively. In this language, for example, a
supersymmetric vacuum of the potential would correspond in to a pair of membranes with
no-scalar interaction. Notice, moreover, that in terms of the scalar potential description, this
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correspondence is valid even off-shell, since it is defined for every point in scalar field space,
not only for the vacua of the potential.
Besides, in the membrane picture, the background is always Minkowski. This is the
case because between the two membranes, the cosmological constant constant contribution
(sourced by the membranes themselves) is encoded in the 3-form interaction, whose energy
density between the membranes is canceled by the scalar and graviton interaction, resulting
in a vanishing energy density between the membranes.
4 Summary and outlook
To sum up, we have studied the tree-level interaction between p-branes due to exchange
of scalars, gravitons and (p + 1)-forms. We have shown that, for the particular case of BPS
membranes in a 4d Minkowski background, there is a correspondence between each interaction
and each term in the N = 1 scalar potential. The fact that the scalar potential can be written
in that form may be translated in the membrane picture to the requirement that the net force
between the two membranes vanishes, that is, that the 3-form interaction cancels the scalar
plus graviton contributions. From the point of view of the potential, this correspondence is
valid off-shell (not only in the minima). This means that for every point in the scalar field
space, characterized by a value of the scalar potential, there exists a corresponding membrane
configuration with the same values for the scalar fields in which the self-interaction vanishes
and whose 3-form interaction, or equivalently the scalar plus graviton interaction, equals
the value of the potential in the initial picture. Let us remark that we have only worked
out in detail the 4d case, but we expect similar arguments to apply for a relation between
codimension 1 BPS objects and scalar potentials in more dimensions.
This correspondence, although interesting per se, might be useful for the swampland
program (see [35, 36]). In that context, lots of recent results suggest a very intricate web of
swampland conjectures, in which apparently disconnected conjectures happen to be related or
even imply each other in many different ways. In this respect, some swampland conjectures,
like the WGC or the SDC make statements about the properties of the spectrum of consistent
theories of QG, whereas others like the dS Conjecture or the ADC refer to the kinds of
potentials or vacua that are allowed in QG. We believe that the correspondence explained
in this note could help to uncover some connections between these two apparently different
types of statements, since it relates configurations with a scalar potential with configurations
of charged extended objects.
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